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Requirements for a parallel treebank search tool
Abstract
Parallel treebanks, i.e. syntactically annotated corpora of translated texts, are invaluable resources for
cross-linguistic research. Whereas some parallel treebanks have been created, little work has been
devoted to parallel treebank query systems. In this paper, we compare experiences from monolingual
corpus query tools and project these insights for the development of parallel treebank search tools. We
distinguish between two different query types, namely single constraint queries and combined constraint
queries, and show how the certainty of the alignment information can be included in the search result as
well.  Suggestions for graphical output representation are also made. We show that a large amount of the
work which has been done on monolingual treebanking can be used with parallel treebanks as well,
although additional requirements need to  be observed and fulfilled.    Parallele Baumbanken, d.h.
syntaktisch annotierte Korpora aus übersetzten Texten, sind wertvolle Ressourcen für die
sprachübergreifende Forschung.  Obwohl bereits einige parallele Baumbanken erstellt wurden, findet
man noch fast keine Arbeiten zum Thema der dazugehörigen Suchwerkzeuge. In diesem Artikel
vergleichen wir Erfahrungen, die mit einsprachigen Korpusabfragesystemen  gemacht wurden, und
übertragen diese Erkenntnisse auf die Entwicklung eines Abfragesystems für parallele Baumbanken.
Wir unterscheiden zwei verschiedene Abfragearten, nämlich Abfragen mit einfachen Baumbedingungen
und Abfragen mit kombinierten Baumbedingungen. Wir veranschaulichen, wie Angaben zur Sicherheit
der Alinierung in die Suchresultate miteinbezogen werden können und machen einen Vorschlag zur
graphischen Abbildung der Suchresultate. Wir zeigen auf, dass ein grosser Teil der Erfahrungen mit
einsprachigen Baumbanken für parallele Baumbanken weiterverwendet werden kann, betonen aber, dass
zusätzliche Anforderungen beachtet und realisiert werden müssen.  
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Requirements for a Parallel Treebank Search Tool 
Charlotte Merz and Martin Volk 
Parallel treebanks, i.e. syntactically annotated corpora of translated texts, are 
invaluable resources for cross-linguistic research. Whereas some parallel 
treebanks have been created, little work has been devoted to parallel treebank 
query systems. In this paper, we compare experiences from monolingual corpus 
query tools and project these insights for the development of parallel treebank 
search tools. We distinguish between two different query types, namely single 
constraint queries and combined constraint queries, and show how the certainty of 
the alignment information can be included in the search result as well. 
Suggestions for graphical output representation are also made. We show that a 
large amount of the work which has been done on monolingual treebanking can 
be used with parallel treebanks as well, although additional requirements need to 
be observed and fulfilled.  
Parallele Baumbanken, d.h. syntaktisch annotierte Korpora aus übersetzten 
Texten, sind wertvolle Ressourcen für die sprachübergreifende Forschung. 
Obwohl bereits einige parallele Baumbanken erstellt wurden, findet man noch fast 
keine Arbeiten zum Thema der dazugehörigen Suchwerkzeuge. In diesem Artikel 
vergleichen wir Erfahrungen, die mit einsprachigen Korpusabfragesystemen 
gemacht wurden, und übertragen diese Erkenntnisse auf die Entwicklung eines 
Abfragesystems für parallele Baumbanken. Wir unterscheiden zwei verschiedene 
Abfragearten, nämlich Abfragen mit einfachen Baumbedingungen und Abfragen 
mit kombinierten Baumbedingungen. Wir veranschaulichen, wie Angaben zur 
Sicherheit der Alinierung in die Suchresultate miteinbezogen werden können und 
machen einen Vorschlag zur graphischen Abbildung der Suchresultate. Wir 
zeigen auf, dass ein grosser Teil der Erfahrungen mit einsprachigen Baumbanken 
für parallele Baumbanken weiterverwendet werden kann, betonen aber, dass 
zusätzliche Anforderungen beachtet und realisiert werden müssen.  
1. Introduction 
Recent years have seen a merging of work on parallel corpora and treebanks. 
Parallel treebanks, i.e. syntactically annotated corpora of translated texts, 
combine the best of these resources. In addition they can be aligned on a sub-
sentential level (typically phrase-level) and thus provide access to detailed 
cross-language correspondences. While some suggestions have been made on 
the compilation, annotation and alignment of parallel treebanks, little work has 
been devoted to the development of a search tool for parallel treebanks. In order 
to prepare the implementation of such a tool, the requirements for a parallel 
treebank search tool need to be analyzed. In this paper we compare experiences 
from monolingual corpus query tools and project these insights for the 
development of parallel treebank search tools.  
2. Overview of Corpus Query Systems 
Our overview of corpus query systems starts with tools for raw corpora (i.e. 
corpora without annotation). These general corpus query systems focus on 
linguistic precedence. A popular example system is Wordsmith. In the last 
decade, corpus query tools have been extended to search monolingual treebanks, 
thus including linguistic dominance as well. Out of these systems, we examine 
and compare TGrep and TIGERSearch, always bearing in mind the question of 
whether they can be adapted to serve the needs of parallel treebanks. We are 
aware that the selection of tools presented is not exhaustive, but we intend to 
illustrate the most important developments.  
2.1 General Corpus Query Systems 
At a first stage, corpus query systems retrieve items from a corpus and display 
the results by showing their immediate context. Items can be words, word forms, 
phrases, or words restricted by a part-of-speech tag, just to name a few of the 
most common. The graphical output is often in the form of a KWIC-list (Key 
Word In Context).  
As one example of these general corpus query tools, Wordsmith1 allows a 
user to make a concordance search, sort the results, make a word list and 
compare two wordlists. The result of this comparison is, for example, a key 
word list which shows words occurring unusually frequently in comparison to 
some reference corpus. As an example, the key words Sylla, assemblies, and 
Caesar occur significantly more often in the text History of Julius Caesar by 
Jacob Abbott2 than in the British National Corpus. Wordsmith does not rely on a 
proprietary corpus format but allows untagged as well as tagged texts (typically 
with part-of-speech tags) from any source to be imported and analyzed.  
2.2 Corpus Query Systems for Monolingual Treebanks 
With the availability of syntactically annotated corpora, corpus query systems 
need additional functionalities. Increasingly complex annotation structures 
require extended query languages and more efficient search mechanisms. A 
query language needs to be able to represent terminal nodes, non-terminal nodes 
and relationships between these nodes. Crossing edges may also be possible. 
The following two systems have become standards in today’s treebank research. 
TGrep is a Unix-based query tool similar to grep but specifically designed to 
retrieve data from tree structures such as the Penn Treebank. TGrep is not 
designed to be especially user-friendly but focuses on fast retrieval times. It is 
currently available in its second version described in Rohde (2004). TGrep 
enables a user to specify a pattern consisting of nodes and relationships between 
nodes. As a next step, this pattern is matched against the corpus which is 
represented in the same format. 
(1)   (NP . NP) > VP 
Example (1) show a TGrep query for a sentence containing a verb phrase 
(VP) which immediately dominates two noun phrases (NP) that are in an 
immediate precedence relationship (i.e. they follow each other immediately). 
In the second phase of the Penn treebank project, the annotation possibility of 
predicate-argument structures was introduced (Taylor et al. 2003). This 
                                          
1 Wordsmith is currently available in its 4th version, downloadable and documented at 
www.lexically.net/wordsmith/  
2 Abbott, J. (1902). History of Julius Caesar. New York: Harper & Brothers Publishers. 
extension is based on functional tags which are added to the top-level brackets. 
This shows that a bracketed tree representation structure can be extended to 
serve supplementary purposes, such as for example alignment information. 
Whereas TGrep is based on a bracketed representation format, the TIGER 
Project works with an XML-format (Voormann and Lezius 2002). The main 
components of TIGERSearch are TIGERRegistry (a tool to convert the currently 
most common corpus formats into TIGER-XML), TIGERSearch (the query tool 
consisting of a query interface allowing queries in a special query and 
description language), and TIGERin (a graphical input tool for queries with 
TIGERSearch). The query language allows queries for all kinds of word-specific 
information (e.g. part-of-speech tag, lemma, morphological information, and 
semantic class) but also to dominance, precedence, and arity of non-terminal 
nodes in the syntactic tree.  
(2)  #n1:[cat="VP"] > #n2:[cat="NP"] & 
#n1 > #n3:[cat="NP"] & 
#n3 .* #n2 
Example (2) shows a TIGERSearch query for the same sentence structures as 
in example (1) containing a verb phrase which immediately dominates two noun 
phrases in a precedence relationship. In order to specify dominance, an identifier 
is assigned to each node. Since complex queries in this query language can get 
complicated, the component TIGERin allows a user to input the query 
graphically by specifying boxes as nodes and lines between these boxes to 
represent precedence and dominance. 
In order to extend TIGERSearch to the use with parallel treebanks, 
Samuelsson (2004) has conducted several experiments with a German-Swedish 
treebank. To represent the alignment information, she used an additional XML-
file in which the treebank files as well as the node numbers are linked. The node 
numbers refer to the node identifiers used in the TIGER-XML versions of the 
two treebanks. For example, the following XML statement says that node 
number 507 in sentence 11 of the first language is aligned with node number 
500 in sentence 12 of the second language. 
<phraseLink xtargets="11_507 ; 12_500"/> 
In the graphical output, the alignments are shown as colored lines connecting 
the corresponding nodes.  
2.3 Corpus Query Systems for Multilingual Treebanks 
According to our knowledge, there is currently only one treebank query system 
for parallel treebanks. SearchTree is being developed at the University of Oslo 
and has been presented by Nygaard and Bondi Johannessen (2004).3 Besides 
providing a query interface for monolingual searches, SearchTree also 
comprises an interface for parallel treebanks. Its search engine is based on 
TGrep2.  
Compared to other treebank interfaces, SearchTree relies on a graphical 
interface and has a sophisticated way of presenting the search results in two 
steps in order to avoid scrolling. It is web-based and can thus be used with a 
regular web-browser instead of requiring the installation of programs and local 
downloads of corpora. Its drawbacks, however, are the lack of flexibility of the 
interface to express complex node bracketing and crossing branches.  
3. Parallel Treebank Querying 
Querying parallel treebank entails a number of characteristics which go beyond 
the functionalities of monolingual treebank query systems. As a major 
difference to monolingual treebanks, multilingual treebanks contain alignment 
information. Alignment may take place on several levels, namely on sentence-, 
constituent-, word- and morpheme-level. Although sentence-level alignment is 
the most basic alignment, it has shown to create more difficulties than expected, 
because the relationship between translated sentences is not 1:1 but m:n. A tool 
for parallel treebank queries needs to be able to handle and graphically illustrate 
these differences.  
When sketching a query language for parallel treebank queries, two basic 
query types can be distinguished. As a first type, single constraint queries search 
a linguistic match in one tree and retrieve the corresponding tree in the other 
language. Combined constraint queries search a matching pair of sentences in 
which two different constraints are found.  
                                          
3 SearchTree: http://logos.uio.no/treesearch/  
3.1 Single Constraint Queries 
Single constraint queries involve a search in one treebank combined with the 
retrieval of the aligned sentence. Its mechanisms correspond to those already 
implemented in monolingual treebank query tools. The design of the output may 
vary, as the following examples show.  
Example (3) is taken from the Sofie Treebank, a parallel treebank of Northern 
European languages.4 This treebank contains currently the first 50 sentences of 
Jostein Gaarder’s novel Sofie’s World5 with syntactic annotations in six 
languages (Danish, Norwegian, Swedish, English, German, and Estonian). In 
Volk & Samuelsson (2004), the bootstrapping of a German-Swedish parallel 
treebank with sentences from Sofie’s World is described and some suggestions 
for graphical output are presented. The annotations of both the German and the 
Swedish trees are based on the TIGER annotation scheme (Brants and Hansen 
2002). The following extracts are based on this work.  
The alignment is conducted on node-level (i.e. constituent level) and is 
deterministic in the sense that each node is aligned to at most one other node in 
the corresponding parallel tree. The node alignment is based on meaning and not 
on syntactic constituent types, i.e. constituents of different types are aligned if 
the meanings of their token sequences are roughly the same in both languages.  
Example (3) illustrates the search result of a query for an NP containing the 
noun “Vater” (father) in the German part of the Sofie treebank. The resulting 
German sentence contains two matching instances of this constraint, both of 
which are highlighted by a yellow-colored rectangle. The graphical output is 
created in the SVG format6 in which the highlighting rectangle can easily be 
calculated and inserted automatically. The rectangle is drawn by finding the 
minimal and maximal x- and y-coordinates respectively of the phrase and 
adding a margin of 20 pixels.  
                                          
4 The Sofie Treebank http://omilia.uio.no/sofie/  
5 The Norwegian original is Jostein Gaarder (1991). Sofies verden: roman om filosofiens 
historic. Aschehoug. 
6 SVG (scalable vector graphics) is a language for describing two-dimensional vector graphics 
in XML. 
Example (3):  
“Bank statements to her father arrived only occasionally, but he was after all not a normal father.” 
The matching Swedish sentence is displayed below the German sentence. The 
nodes of the two sentences are connected by red lines representing phrase 
alignment. The Swedish NPs corresponding to the German search results can 
thus be identified and highlighted as well.  
Interestingly, the two occurrences of the German word “Vater” in this 
sentence correspond to two different translations in the Swedish sentence. In the 
first case, “Sofies pappa” is in its singular form. In the second, however, the 
syntactic construction differs and requires a plural form in the Swedish 
construction (German: he was after all not a normal father vs. Swedish: he was 
after all not like other fathers). Due to this difference, the Swedish NP is also 
modified by the adverb phrase (AVP) “heller inte”, whereas the German NP 
does not include a modifying adverb phase.  
3.2 Combined Constraint Queries 
Combined constraint queries search for a matching pair of sentences in which a 
match in the tree of language 1 as well as another match in the corresponding 
instance of the tree in language 2 is found. An example for a query is “find a 
tree in language 1 containing a NP modified by any clause where the parallel 
tree in language 2 uses a relative clause to modify the corresponding NP”. One 
result of this example query from the Sofie treebank is displayed in example (4). 
The German NP modified by an adjective phrase (AP; its function recognizable 
by the edge label MNR (postnominal modifier)) is aligned with a Swedish NP 
modified by a relative clause (recognizable by the edge label RC (relative 














“Then she found inside it a rather small slip of paper no bigger than the envelope belonging to it.”
The retrieval of the search results is based on a process which starts with a 
single constraint query in one tree and continues to determine the corresponding 
counterpart in the other language. Over this structure, a second query with the 
search parameters of the second language is run and if a match is found, the 
result is displayed. The manner of highlighting is similar to the one described 
above and displayed in example (4).  
3.3 Certainty of Alignment Information 
As a further step in querying parallel treebanks, the certainty of the alignment 
information can be used to refine the search result. In some cases, the alignment 
of two constituents is undisputed. In others, the alignment is based on 
compromises or assumptions in order to reveal at least some connection between 
the two languages. The disclosure of such information is helpful to assess the 
linguistic proximity of the translation. With parallel treebanks being a new field 
of research, no such measure has been proposed so far. We chose to work with 
confidence values ranging from 0 to 1.0 with the top value representing 
alignment of utmost confidence.  
Ideally, an automatic node alignment algorithm assigns a confidence value to 
each alignment, as is done in automatic word alignment (see Tiedemann 2003). 
Alternatively, the person translating or aligning the sentences indicates a 
measure of the confidence of the alignment. Since such confidence scores are 
not available in our case, we suggest to calculate the scores by using a formula 
which compares the number of direct subconstituents (i.e. the number of 
children) of two aligned nodes. This calculation is based on the assumption that 
similar syntactic structures are more likely to represent the same meaning (in 
closely related languages like German and Swedish) than structures which differ 
widely. Further refinement and linguistic evidence is necessary to test the 
reliability of these values. Table (1) shows the alignment confidence values of 
the sentences in example (4). It is clear that other factors such as the number of 
tokens that are spanned by a given node or the internal complexity of a node 





in language 1 
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Number of 
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AVP 506 AVP 510 1 1 1.0 
AVP 508 AVP 511 1 1 1.0 
S 504 S 506 5 4 0.8 
NP 503 NP 505 4 3 0.75 
AP 502 S 504 3 4 0.75 
NP 501 NP 502 4 3 0.75 
Table (1): alignment confidence values of the sentences in example (4) 
In the graphical representation, the stroke width of the lines aligning the 
nodes is adjusted proportionally as can be seen in example (4). Simple adverb 
phrases (AVPs) representing the exact same meaning are connected by thick 
lines. The NP modified by an adjective phrase (AP) is connected to the NP 
which is modified by a relative clause by a much thinner line. A person 
interpreting the sentences can thus observe that some nodes are strictly parallel 
whereas others need further analyses to understand the grammatical alignment.  
4. Conclusion 
Our analysis shows that a large amount of the work which has been done on 
search tools for monolingual treebanking can be reused for parallel treebanks. 
There are, however, a number of additional requirements for parallel treebank 
search tools. Query languages need to be extended in order to allow constraints 
on two or more trees. Search engines need to be able to realize different queries 
and pass on parameters regarding alignment information. In the graphical 
output, the aligned trees as well as the results of the query need to be visible 
without extensive scrolling.  
As a major difference between mono- and multilingual treebanks, alignment 
information needs to be processed as well. Moreover, alignment information 
may be used to reveal linguistic facts about the translation as well. We suggest 
to introduce a measure of alignment confidence but we find that a lot more 
research on this topic must be done.  
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